The oocyte-to-embryo transition requires drastic reorganizations within a short timeframe. Recent studies show that, in the nematode Caenorhabditis elegans, phosphotyrosine-binding pseudo-phosphatases are key regulators of this critical developmental transition.
The transition from an oocyte to an embryo is a profound one, involving major physiological changes. In the nematode Caenorhabditis elegans, the two meiotic divisions that segregate maternal chromosomes are completed within 30 minutes following fertilization. During this period, multiple changes convert the cell from an oocyte-like state to a mitotically-dividing embryo [1] . The kinase MiniBrain Kinase homolog-2 (MBK-2) is a major driver of many of these changes [2] .
MBK-2 is known to phosphorylate five targets to promote the oocyteto-embryo transition. It promotes the formation of the mitotic spindle by phosphorylating the katanin MEI-1, thereby inducing its degradation [3] [4] [5] . The microtubule-severing activity of MEI-1 is initially required to properly form the two small meiotic spindles; however, MEI-1 must be degraded so that it does not prevent the formation of the larger mitotic spindle [6] . MBK-2 also promotes transcriptional silencing in the zygote by phosphorylating the zinc-finger proteins OMA-1 and OMA-2, activating them to sequester a general transcription factor component [7] . Lastly, MBK-2 contributes to the polarization of the embryo by phosphorylating MEX-5 and MEX-6 to activate their polarity functions [8] .
MBK-2 must be kept inactive in oocytes, as its premature activation would promote a shift away from the oocyte-like state. Even after fertilization, MBK-2 is tightly regulated so that it is only activated at the end of the first meiotic division. One question that has vexed the field is how MBK-2 activity is regulated. Two new papers by the Singson and Seydoux labs, one in this issue of Current Biology [9] and one in Cell [10] , report evidence that pseudo-phosphatases control the activity of MBK-2 using a strategy that may have widespread implications for other signal transduction pathways.
Pseudo-phosphatases are proteins that contain a protein tyrosine phosphatase (PTP) domain but that lack at least one key residue in the catalytic site. These proteins are unable to act as phosphatases, but critically, they are still able to bind to phosphotyrosine residues in proteins [11, 12] . Interestingly, a large percentage of PTP-domain proteins are predicted to be pseudo-phosphatases: 62% of all PTP-domain proteins in C. elegans (57 of 91), and 40% in humans (20 of 51) [13] . Animal genomes therefore contain significant numbers of PTP domain proteins that cannot act as phosphatases. The function of these proteins has been largely unexplored. Initially, these proteins were predicted to act as 'anti-phosphatases' that bind phosphotyrosine residues to prevent phosphatases from dephosphorylating these sites [11, 12] . But, as described below, the analysis of three C. elegans pseudo-phosphatases, EGG-3, EGG-4 and EGG-5, extend the molecular functions of this class of proteins beyond the role of anti-phosphatase.
The pseudo-phosphatase EGG-3 has been linked to the localization of MBK-2 [14, 15] . In oocytes, MBK-2 is located on the cortex in an inactive state. MBK-2 remains on the cortex until anaphase of meiosis I, when it moves to discrete cytoplasmic foci, the structures of which have not yet been determined. After the meiotic divisions, these foci disappear, resulting in diffuse cytoplasmic localization of the now active MBK-2 ( Figure 1 ). EGG-3 co-localizes with MBK-2 both at the cortex of oocytes and in the cytoplasmic foci present after meiosis I [14, 15] . EGG-3 physically binds to MBK-2 and acts as an anchor to hold MBK-2 at the cortex. In the absence of egg-3, MBK-2 is cytoplasmic in oocytes, but nevertheless remains inactive (although MBK-2 does become activated slightly sooner after fertilization) [15] . Therefore, EGG-3 is a major determinant of MBK-2 localization, but is not a significant inhibitor of MBK-2 activity.
Parry et al. [9] screened for egg-3-related genes that are expressed in the germline, and discovered two closely related paralogs, egg-4 and egg-5, which encode proteins that also lack a critical PTP catalytic site residue. EGG-4 and EGG-5 are 99% identical and have fully redundant functions; they will be referred to here as 'EGG-4/5'. EGG-4/5 co-localizes with EGG-3 and MBK-2 on the oocyte cortex. EGG-3 is required to anchor EGG-4/5 to the cortex. In turn, both EGG-3 and EGG-4/5 are required to anchor MBK-2 to the cortex. This localization dependence occurs through direct physical interaction: EGG-3 binds to both EGG-4/5 and MBK-2; and EGG-4/5 binds to MBK-2 [9, 10] (Figure 1) .
Like most kinases, MBK-2 has an 'activation loop' that is phosphorylated [10] . The phosphorylation of the activation loop induces a conformational change in most kinases to allow substrate binding [16] . Many kinases are controlled by the regulated phosphorylation of their activation loop by other kinases [16] . In contrast, dual-specificity DYRK kinases, which include MBK-2, are known to autophosphorylate their own activation loop on a tyrosine residue, but only when they are undergoing their initial protein folding [17] . Interestingly, when DYRK kinases are fully folded, they lose the ability to phosphorylate tyrosine residues, and can only phosphorylate serine and threonine residues [17] . Therefore, DYRK activation loops are only autophosphorylated as the kinases are created.
Cheng et al. [10] found that EGG-4 uses its PTP domain to bind the phosphotyrosine in the activation loop of MBK-2. Biochemical experiments showed that EGG-4 binding inhibits MBK-2 activity by both blocking access to substrates and reducing catalytic activity. Inactivation of egg-4/5 allowed the ectopic activation of MBK-2 in oocytes in 13% of animals [10] . However, the observation that MBK-2 remained inactive in the oocytes of 87% of egg-4/5 RNAi animals pointed to an additional level of MBK-2 regulation.
Cheng et al. [10] uncovered this second, independent mechanism to control MBK-2. They showed that MBK-2 activation requires phosphorylation on a cyclin dependent kinase-1 (CDK-1) phosphorylation site (Figure 1) . If the CDK-1 site is mutated so that it cannot be phosphorylated, MBK-2 never becomes fully active. It is likely that CDK-1 directly phosphorylates MBK-2 in vivo, as purified human CDK-1 can phosphorylate MBK-2 in vitro, and CDK-1 activity is required for the phosphorylation in vivo. To confirm that MBK-2 is redundantly regulated by EGG-4/5 inhibition and CDK-1-dependent phosphorylation, the authors expressed an MBK-2 phospho-mimic mutant that is active without CDK-1 phosphorylation and observed that upon inactivating egg-4/5, the phospho-mimic MBK-2 was now active in the oocytes of 100% of animals. CDK-1 normally becomes active at oocyte maturation [18] , and EGG-4/5 disappears from the cell at the end of the first meiotic division [9, 10] . Therefore, the activation of MBK-2 is dually controlled in response to two cell-cycle events: oocyte maturation and the completion of the first meiotic division (Figure 1) .
A pertinent question is how MBK-2 is released from the inhibition by EGG-4/5. EGG-4/5 disappears from cells at the same time that MBK-2 becomes active, but what mediates its disappearance is not known. A likely scenario involves the anaphase-promoting complex/ cyclosome (APC/C), a ubiquitin ligase that becomes active at meiotic anaphase I [19, 20] (Figure 1) . APC/C targets the degradation of proteins with a destruction box motif; and both EGG-3 and EGG-4/5 have multiple destruction-box motifs. EGG-3 degradation appears to be mediated by APC/C as it depends on the destruction box motifs and APC/C activity [10] . It remains to be determined whether EGG-4/5 is similarly regulated by APC/C.
These new studies provide the first concrete evidence that the binding of a pseudo-phosphatase directly regulates the activity of a target protein. Interestingly, the phenotypes of egg-4/5 mutants suggest additional functions beyond the regulation of MBK-2. Parry et al. [9] show that inactivation of egg-4/5 produces severe defects in eggshell formation; defects in the polarized actin cap that forms upon sperm entry; a failure to extrude polar bodies during the meiotic divisions; and polyspermy. This latter phenotype is particularly exciting, as it provides a genetic handle with which to study how C. elegans oocytes block the entry of multiple sperm. The block to polyspermy is especially important for nematodes, where large numbers of sperm surround the oocyte as it enters the spermatheca. The study of these additional EGG-4/5 functions may provide further insights into the molecular roles of pseudo-phosphatases. Given the large numbers of pseudo-phosphatases in animals, we suspect that we are just beginning to appreciate the functions of these proteins in dynamic cellular pathways. 
Social Cognition: Evolutionary History of Emotional Engagements with Infants
A new mother and baby gaze into each other's eyes, mutually engaging with facial expressions, kisses and greetings. A new study shows that this behaviour is not uniquely human: such intersubjective interactions may have an evolutionary history of at least 30 million years.
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In the 1970s, developmental psychologists discovered that human newborns imitate [1] and that 2-3 month-olds engage in 'protoconversations' with mutual gaze and positive emotion [2] , which has been dubbed 'primary intersubjectivity' [3] . The psychologists reasonably concluded that these inborn competencies set human infants on a species-typical developmental path of communication (language) and intelligence, which we describe, in more recent terminology, as social cognition evident in joint attention or theory of mind [4] [5] [6] [7] [8] . New evidence for primary intersubjectivity in rhesus macaques, reported by Ferrari et al. [9] in this issue of Current Biology, confirms the evolutionary continuity of primate communication and sets its point of origin to at least 30 million years ago.
We study communication in nonhuman primates and in pre-linguistic humans, in part, to understand the evolutionary and developmental foundations of human communication [4, 5] . Research on mother-infant communication suggests that primary intersubjectivity is one of the key foundations of human communication, and has identified four behavioural markers: neonatal imitation; mutual gaze; behaviours that can assume communicative meaning; and flexibility in communicative meanings [2, 3] . The comparative study reported by Ferrari et al. [9] provides exciting new evidence about primary intersubjectivity which suggests it has a very long evolutionary history, challenging earlier conclusions. Communicative engagements with infants, particularly emotionally-based intersubjective engagements, appear to be a characteristic shared by humans, great apes and, surprisingly, rhesus macaques.
Developmental research in the last 40 years has documented remarkable communicative competencies in human infants based in emotional engagements [2, 3] . For example, there are 'proto-conversations' between adults and very young infants, evident in the dynamic structure of initiations by one partner and joining in by the other (turn-taking), in the mutuality of engagement marked by greetings (reciprocity of vocal turns), and climaxing with reciprocal exchanges of positive emotion (rewarding the achievement of peak engagement). Human infants, as early as the first month of life, take an active role in such communication. These face-to-face emotionally positive engagements are a context in which social partners co-construct communicative meaning. Humans have an additional suite of imitation skills found in the neonatal period, including imitating facial movements, facial expressions, some sounds, and some manual actions [6] , supporting the conclusions of developmental psychologists that humans have inborn communicative motivations [3] .
Evolutionary considerations address the issue of whether primary intersubjectivity is uniquely human, and if not, how old it is, in evolutionary time (operationally defined as a function of which extant species have it) [10] . The presence of intersubjectivity in extant great apes and Old World monkeys, but not in New World monkeys, implies that intersubjectivity likely emerged in primate ancestors dated from 30 million years ago. The presence of intersubjectivity only in humans, however, would imply a much more recent evolution (within the last 6 million years). There may be continuity in the entire process of primary intersubjectivity, or it may be that only some of the components are shared across primates.
